Qualea genus is commonly found in different phytophysiognomies of the Brazilian Cerrado, growing in open ecosystems to closed forest areas, under high irradiances, fires, low availability of nutrients and seasonal water deficit. We compared the leaf structural traits of Qualea grandiflora Mart., Qualea multiflora Mart., and Qualea parviflora Mart., in a cerradão area in the Cerrado-Amazonian forest transition. Leaf samples were collected at Mário Viana Municipal Biological Reserve, in Nova Xavantina, Mato Grosso state, Brasil, and processed according to the usual techniques for optical microscopy. Thick cuticle, stomatal ridges, stomata distributed between the stomatal crypts, density and distribution of tector trichomes, hypodermis, isobilateral mesophyll with few intercellular spaces, abundance of sclerenchyma associated to vascular bundles and the presence of vascular bundle sheath extensions are typical anatomic traits of xerophytic environments. We found qualitative structural differences among the species, with Qualea grandiflora having stomata with ridges distributed among stomatal crypts, and the presence of a hypodermis in Qualea multiflora, and Qualea parviflora. The results suggest that the species are xeromorphic in the region of Cerrado-Amazonian transition having leaf adaptive traits to deal with the environmental variations of their habitat.
Introduction
Cerrado is the second largest Brazilian biome, surpassed only by Amazonian Forest, and is one of the world's biodiversity hotspots due to its high number of endemic species that are threatened by habitat loss (MITTERMEIER et al., 2005) . The term Cerrado has a regional connotation in Brazil, whereas the word "savanna" is more generic and widely applied to distinct types of savanna vegetation around the world (BATALHA; MANTOVANI, 2000) . The Cerrado biome possesses forest, savanna and grassland formations (RIBEIRO; WALTER, 2008) . Savanna formations constitute almost half of the Cerrado region (SILVA et al., 2006) . Among the forest, savanna and grassland formations of Cerrado it is possible to find transitional vegetation subjected to different edaphic, climatic and pedological conditions (MARIMON-JUNIOR; HARIDASAN, 2005; RIBEIRO; WALTER, 2008) , conferring to the biome recognition as the richest savanna in the world (MITTERMEIER et al., 2005) .
Cerradão is a forest formation of Brazilian Cerrado with sclerophyllous characteristics (RIBEIRO; WALTER, 2008) . Occurs in both dystrophic and mesotrophic soils (MARIMON-JUNIOR; HARIDASAN, 2005) and its plants are subjected to different environmental conditions, such as seasonal fires, well-weathered soils with low nutrients availability and variation in the solar radiation (REATTO et al., 2008) .
Morpho-anatomical characteristics of plants are strongly influenced by environmental factors, particularly those associated with irradiance, amount of rainfall, soil type and elevation (FERREIRA et al., 2015) . These factors vary in space and time and may act as conditioning factors for the establishment and growth of different plant species (FAHN, 1986) . Leaves are the most exposed plant organs to these environmental conditions, and their modifications have been interpreted as adaptive responses to environmental changes (FAHN, 1986) . Anatomical studies have revealed a great amount of variation in leaf structure of woody Cerrado species (ARIANO; SILVA, 2016; SIMIONI et al., 2017) , mainly as a response to variation in light intensity, soil nutrient content and seasonal effects (JUSTO et al., 2005) , which can, consequently, affect water use efficiency and carbon fixation (ROSSATO; HOFFMANN; FRANCO, 2009).
We have considered that comparative studies have been increasingly used to diagnose how plants would respond to changes in the environmental conditions of their original habitat, and the possible adaptive strategies and the lack of anatomical and ecological studies for plant species in the region of transition between Cerrado and Amazonian Forest. Thus, this study aimed to compare the leaf structural traits of Qualea grandiflora, Qualea multiflora, and Qualea parviflora, in order to identify characteristics that confer to these species adaptive advantages in a Cerradão area in the transition between Cerrado and Amazonian biomes.
Material and methods
Leaf samples were collected in an area of Cerradão located at Reserva Biológica Municipal Mário Viana, in the municipality of Nova Xavantina (14º41'S, 52º20'W), in the eastern Mato Grosso state, a transition area between the Cerrado and Amazonian Forest biomes (MARIMON-JUNIOR; HARIDASAN, 2005) . The area is a conservation unit of approximately 500 ha, has an average elevation of 340 m, and is characterized by savanna and forest physiognomies typical of Cerrado and pre-Amazonian Forest formations (MARIMON et al., 2006) .
The terrain is flat to softly-undulating. The soils of the region are classified as Red-Yellow Latosol and Yellow Latosol, predominantly dystrophic, alic, deep and well drained with a medium texture (REATTO et al., 2005) . The soils in the study area have pH < 5, low levels of calcium and magnesium, and high levels of exchangeable aluminum (MARIMON-JÚNIOR; HARIDASAN, 2005) . The climate is Aw, with an average annual rainfall of 1.600 mm and an average annual temperature of 24.4°C, with two distinct seasons: a cold dry season from April to September, and a warm and rainy season from October to March (ALVARES et al., 2013).
The study species, Qualea grandiflora, Qualea multiflora and Qualea parviflora, are part of the woody component of the Cerrado phytophysiognomy in Reserva Biológica Municipal Mário Viana (MARIMON-JÚNIOR; HARIDASAN, 2005) . Five individuals of each species were selected arbitrarily. Leaf samples, collected from branches which leaves were fully expanded, were fixed in FAA50 in the field for 48 hours and later stored in 70% ethanol (JOHANSEN, 1940) .
Anatomical study of cross-sections of the middle region of the leaves, obtained by freehand, was performed using a trinocular microscope (Leica ICC50). The sections were stained with Astra Blue and Basic Fuchsin and placed on semi-permanent slides (JOHANSEN, 1940) . Subsequent data analysis was performed using Leica Application Suite Version 1.7.0 software.
The images obtained illustrate the general anatomical patterns of the studied species, with emphasis on structural characters, used to analytically describe the species, and the possible adaptive strategies.
Results and discussion
Leaves of the three species have a thick cuticle covering the adaxial surface (Figures 1A, 1B and 1C) , while in Qualea parviflora this thickening is also observed on the abaxial surface ( Figure 1C ). The thick cuticle may be a strategy related to the restriction of water loss. The cuticle is composed of cutin, a lipophilic substance which acts as a barrier to the diffusion of water and solutes (SCHREIBER, 2005) . Thus, in xeric environments, a thick cuticle can be considered a strategy for limiting water loss, which seems to explain the presence of this characteristic in the studied species.
The epidermis is uni-seriate on both surfaces of the studied species ( Figures 1A, 1B and 1C). In Qualea grandiflora, the epidermal cells are voluminous, with anticlinal and elongated walls, decreasing in volume and height at the midrib of the adaxial surface ( Figures 1A and 2A ). In contrast, the cells of the abaxial surface are smaller and rectangular, and possess stomatal crypts with numerous unicellular trichomes ( Figure 1A) . In Qualea multiflora, the adaxial epidermal cells are rectangular and of varying lengths along the epidermis, while the abaxial epidermal cells are rectangular and smaller ( Figure 1B) . Small rounded epidermal cells are present on both surfaces of Qualea parviflora, but are smaller adaxially ( Figure 1C) .
The presence of tector trichomes on leaves of species occurring in xeric environments is another characteristic that may contribute to the restriction of water loss (SIMIONI et al., 2017) . Santos et al. (2016) demonstrated that the presence of tector trichomes on leaf surfaces create a humid microclimate, resulting in reduced water loss from evapotranspiration, and reflect solar radiation, thus avoiding leaf heating. In addition to these benefits, trichomes can also protect leaves against herbivory (SATO; KUDOH, 2017) since they act as the first line of defense against attack by phytophagous insects (KARIYAT et al., 2017) .
The three species have hypostomatic leaves ( Figures 1A, 1B and 1C) , in which the stomata are located at the same level or slightly above the other epidermal cells ( Figures 1A, 1B and 1C) , while ridges forming a suprastomatal chamber are found only in Qualea grandiflora ( Figure 1A) . The predominance of hypostomatic leaves among plants in xeric environments suggests that they may also be a strategy for restricting water loss through evapotranspiration. The location of stomata on the abaxial surface of leaves reduces their exposure to high irradiance rates and low air humidity, thus reducing the loss of water to the environment (EVERT, 2006) . In addition, the level at which the stomata are positioned in relation to other epidermal cells is also considered to be related to environmental conditions (ALQUINI et al., 2006) . The presence of stomata in stomatal crypts is a common strategy of plants in xeric environments since these crypts facilitate a more humid internal microclimate, which avoids water loss through evapotranspiration during stomatal opening (ALQUINI et al., 2006; DIAS, 2008) .
A hypodermis is present below the epidermis of Qualea multiflora and Qualea parviflora ( Figures 1B and 1C) . In Qualea multiflora, the hypodermis consists of only a single layer, while in Qualea parviflora there are two ones ( Figure 1B and 1C) .
The mesophyll is isobilateral in the three studied species (Figures. 1A, 1B and 1C) . In Qualea grandiflora it consists of three to four layers of palisade parenchyma ( Figure 1A) , as it is in Qualea multiflora ( Figure 1B) , whereas in Qualea parviflora the mesophyll is composed of five layers of palisade parenchyma ( Figure 1C ). In all three species, the vascular bundles of the leaf blade are collateral and organized in a single series with larger and smaller bundles alternating ( Figure  1A) . These bundles are involved by a sclerenchymatous sheath, which extends to the epidermis in Qualea grandiflora ( Figure 1A) and to the hypodermis in Qualea multiflora and Qualea parviflora ( Figure 1B) .
The sclerenchyma fibers associated with vascular bundles are an important feature of xerophytic plants (LIESCHE; MARTENS; SCHULZ, 2011) and are responsible for providing structural support to tissue, thus preventing its collapse (SCATENA; SCREMIN-DIAS, 2006) . Moreover, these fibers contribute to water retention by preventing its passage via apoplastic routes and, consequently, provide plants with greater resistance to wilting (ROSADO; MATTOS, 2007) .
The structure of leaves with thicker palisade parenchyma, or parenchyma composed of several layers of cells, may be related to environments with high irradiance (RABELO et al., 2013) . In such conditions these tissues act by distributing the irradiance equally over the mesophyll of the leaf, therefore maximizing light uptake by the chloroplasts (VOLGEMANN; MARTIN, 1993) . Additionally, tissue thickening may increase the number of chloroplasts located near cell walls, which facilitates the arrival of CO2 in the chloroplast stroma, thus favoring greater CO2 fixation (OGUCHI; HIKOSAKA; HIROSE, 2005) . This characteristic is a strategy that can contribute to the maintenance of photosynthetic performance in conditions with high irradiance rates. The midribs of the studied species possess bicolateral bundles arranged in a closed arch with extensive sclerenchyma fibers and filled with parenchyma ( Figures 2A, 2F and 2J) . The midribs have a biconvex shape with the presence of lamellar collenchyma below the epidermis on both surfaces of Qualea grandifolia and Qualea multiflora (Figures 2C and 2H ) and lacunar collenchyma in Qualea parviflora (Figures 2K and 2L ). In all three species, the fundamental parenchyma predominantly faces the abaxial surface and contains air spaces (Figures 2E, 2H  and 2N ).
Unicellular trichomes are present in the three studied species, however, their distribution on the midrib varies ( Figures 2B, 2F, 2G, 2I and 2K) . In Qualea grandiflora, trichomes are rare on the adaxial epidermis ( Figure 2B ), whereas in Qualea multiflora they are on both surfaces, but more frequent on the abaxial surface ( Figure 2F, 2G and 2I ). In Qualea parviflora ( Figure 2K ), trichomes are present on both surfaces, although in a lower frequency than Qualea multiflora.
The anatomical description of the leaf blades of the three studied species shows a consistent pattern of anatomical characters that are typical of xerophytic plants subject to elevated temperature, high irradiance, low relative humidity and seasonal water deficit, the predominant conditions of Brazilian Cerrado ecosystems. These anatomical characters are: the presence of air spaces; a thick cuticle on the adaxial surface; stomata with stomatal ridges and distributed between stomatal crypts; density and distribution of tector trichomes on the leaf blade; presence of a hypodermis; isobilateral mesophyll with few intercellular spaces; abundant sclerenchyma and sclerenchyma associated with vascular bundles; and the presence of sheath extensions around vascular bundles.
These characters are widely considered to be xeromorphic (FERREIRA et al., 2015; ARIANO; SILVA, 2016; SIMIONI et al., 2017) , and were discussed in this work from the ecological point of view. For example, the air spaces found in the midrib of these species of Qualea may be a strategy to facilitate water transport by capillarity from the roots to the leaves (MEYER, 1940) , consequently reflecting a strategic mechanism for water economy (SCATENA; SEGECIN, 2005) .
Conclusions
Thick cuticle, stomatal ridges, stomata distributed between the stomatal crypts, density and distribution of tector trichomes, hypodermis, isobilateral mesophyll with few intercellular spaces, abundance of sclerenchyma associated to vascular bundles and presence of vascular bundle sheath extensions are leaf anatomical traits which indicate the species studied are xeromorphic in the region of Cerrado-Amazon transition, thus, adapted to the environmental variations of their habitat. In conclusion, we found qualitative structural differences between the studied species. Qualea grandiflora presents stomata with ridges distributed among stomatal crypts, Qualea multiflora has the presence of a hypodermis as well as found in Qualea parviflora, whereas this last one differs from the other two in number of layers of palisade parenchyma.
